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PROPELLANT TANK ASSEMBLY

DESCENT STAGE

DESIGN CONTROL SPECIFICATION FOR

1 SCOFE
1.1 Scope. - This specification establishes design, fabrica-

tion, performance and quality assurance requirements for
Propellant Tank Assemblies to be used in the Lunar Excursion
Module (LEM), Descent Stage, of the Apollo Spacecraft.

2 APPLICABLE DOCUMENTS

2.1 Government Documents. - The following Government documents

Federal
BB-N-411
Milijtary
MIL-P-26539A

MIL-P-2T7L02

MII~-A-18455B

MIL-T-90L6C

SPECIFICATIONS

of issue in effect on 14 January 1963, or as otherwise
specified, form & part of this specification to the extent
specified herein.

Nitrogen

Propellant, Nitrogen Tetroxide

Propellant, Hydrazine - uns -
Dimethylhydrazine (50% NoH), - 50% UDMH)

Argon, Technical

Titanium and Titanium Alloys Sheet,
Strip and Plate

Code 28512 Eng-270C QB 067
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2.1 (Continued)
MII-I-6866A Inspection; Penetrant, Method of A
MIL-T-90L4TC Titanium and Titanium Alloys, Bars,
Forgings and Forging Stock
STANDARDS
Federal
FED-STD-151a Metals, Test Methods
Change Notice 4
Nov. 28, 1962
MIL-STD-10A Surface Roughness and Waviness of Lay
MIL~STD-12B Abbreviations for Use on Drawings
MIL-STD-810(USAF) Environment Test Methods for Aerospace
(dated 14 June and Ground Equipment
1962)
MIL-STD-453 Military Std Inspection, Radiographic
2.2 Crumman Documents. - The following Grumman documents of

date of issue shown form a part of this specification to
the extent specified herein.

Specifications

LSP-2T70-0001

LSP-390-001

Cleanliness Level Requirements For
The Propulsion Subsystem, (Ascent and
Descent Stage)

Bonding Electrical, General Specification
for

Code 38312
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herein.

Helium Grade A
Bulletin 585
AMS LO88E

AMS L03SD

AMS L4951

AMS L4029

SAE-ARP-598

SPECIFICATION Date: ___T-8-6L
Page: 3
2.2 (Continued)
Drawings
LSC280-400 Propellant Tank Assembly, Descent Stage,
Revision D Specification Control Drawing for
LSC280-401 Tank Subassembly, Descent Stage,
Revigion E Specification Control Drawing for
LSC280-402B Baffle Subassembly, Descent Stage,
Specification Control Drawing for
LSc280-403B Cover Subassembly, Descent Stage,
Specification Control Drawing for
2.3 Other Documents. - The following documents, issued by the

organization indicated and of the data of issue shown,
form a part of this specification to the extent specified

U.S. Dept of Interior Bulletin 585
Tubing, Seamless, Drawn,
4.5 Cu - 1.5 Mg - 0.6 Mn (2024-T3)

Sheet and Plates 4.5 Cu - 1.5 Mg -
0.6 Mn (2024-0)

‘Aeronautiecal Material Specification

Titanium Wire

Aeronautical Material Specification
Aluminum Alloy Sheet & Plate

4,5 Cu - 0.85; - 0.8Mn - 0.5Mg.
(2014.76)

Procedure for the Determination of
Particulate Contamination by the Particle
Count Method
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2.4

2.h1

2.4.2

2.4.3

3.2

Availability of Documents. -

Govermment Documents. - Copies of Government documents may

be obtained from the Superintendent of Documents,
Govermment Printing Office, Washington 25, D.C.

Grummen Documents. - Copies of this specification and other

applicable Grumman documents may be obtained from LEM
Program Data Management, Grumman Aircraft Engineering
Coporation, Bethpage, Long Island, New York.

Other Documents. - Copies of other documents may be obtained

from the appropriate organization listed in 2.3.
REQUIREMENTS

General. - The Propellant Tank Assembly covered by this

specification shall:

(a) Be capable of storing MIL-P-26539 Nitrogen Tetroxide
(NoOk4) Propellant.

(b) Be capable of storing MIL-P-27L02 Hydrazine - uns -
Dimethylhydrazine (50% NoH) and 50% UDMH) Propellant.

(c) Be capable of being pressurized with helium.

(d) Maintain the stored propellants at the prescribed
levels of quality, safety and useability under all
conditions ahd for the time intervals specified in
Table I.

Subassemblies. - The Propellant Tank Assembly (LSC280-L00)

shall consist essentially of the following major items and

’attaching hardware.
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3.2

3.2.1

3.2.1.1

3.2.1.2

3.2.1.3

(Continued)

Tank Subassembly (1.sCc280-401)

Baffle Subassembly (Lsc280-ko02)

Cover Subassembly (LSC280-403)

Skirt Subassembly (Interface or LSC280-400)

Details of Subassemblies. -

Tank Subassembly. - The Tank Subassembly shall consist of

two (2) machined tank halves welded together. The halves
shall be machined from forgings of titanium in accordance
with 3.16.1.1. The forgings, and the billets they are
forged from shall meet the requirements of Table II and
shall in addition be uniform in quality and condition, free
from surfaece and sub-surface defects, laps, seams, pipe,
slivers, scales, slag, porosity, cracks, hard spots and all
other defects which may prevent the tanks from meeting the
requirements of this specification. The configuration of
the Tank Subassembly shall be as shown on Specification
Control Drawing LSC280-LO1.

Baffle Subassembly. - The baffle design including selection

of materials and method of attachment to the Tank Subassembly
shall be consistent with the requirements of this
specification and shall result in a minimum Propellant Tank
Assembly weight. " The required configuration of the Baffle
Subassembly shall be as shown on Specification Control
Drawing LSC280-L02.

Cover Subassembly. - The Cover Subassembly shall consist of
the cover, zero-'g" can, vortexing device, seal and pro-
vislons for mounting quantity, temperature and pressure
monitoring equipment located inside the tank. Provisions
for attaching helium and propellant plumbing to the tank
shall also be incorporated in the Cover. Subassembly.
Configuration shall be in accordance with Specification
Control Drawing LSC280-403 and shall accommodate the

Cover Seal and attaching hardware.

Code 26512  Eng-270C QB 6487 EDP Sheet No.
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3.2.1.3.1 Cover. - The Cover shall be a machined forging of titanium

3.2.1.3.2

3.2.1.3.3

3.2.1.4

3.2.1.4.1

3.3

3.4

in accordance with 3.16.1.1. The forging and the billet

it is made from shall meet the requirements of Table II
and shall in addition, be free from surface and sub-surface
defects, laps, seams, pipe, silvers, scales, slag,
porosity, cracks, hard spots and all other defects.

Cover Seal. - The cover seal shall be fabricated from a

material which is compatible with the propellants. The seal
and the accommodations for the seal shall permit it to
function to design requirements by the clamp-up action of
the cover bolts and without the use of adhesives or other
additional seallng preparations.

Zero "G" Can and Vortexing Device. - The zero "g" can and
vortexing device shall be made of titanium.

Skirt Subassembly. - The Skirt Subassembly will be made of
AMS L4029 Aluminum Alloy 2014-T6 and will be supplied by
Grumman.

Skirt Subassembly Interface. - The interface of the skirt
subassembly with the tank subassembly 1s shown on
LSC280-400C. This interface shall provide for a minimum
of one (1) removal and re-attachment operation. Compliance
with dissimilar metals requirements of 3.16.1.2 for the
interface, shall be a requirement of the Tank Subassembly
design.

Installed Position. - The Propellant Tank Assembly will
be oriented in the Lunar Excursion Module (IEM) in a
position relative to the spacecraft axes shown by coordi-
nates on Specification Control Drawing LSC280-L400.

Tank Support Provisions (In LEM). - The Propellant Tank
Assembly will be mounted and supported as shown in
LSC280-L400.
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3:5

3.6

3.6.

3.6.

3.6.

3.5.1

Environmental Conditions. - The Propellant Tank Assembly
shall operate within the requirements specified herein
during and after exposure to the environmental conditions
specified in Table III. All structural loads shall be
multiplied by the applicable yield safety factor of para-
graph 3.7. The design shall consider all rational
combinations of these conditions.

Radiation Environment. -~ Charged particle and eleetro-

1

2

3

3.6.4

magnetic radiation, present in cislunar space, originating
from the Van Allen Belts, solar flares and space background
shall be considered in the design. A detailed description
of this environment will be provided by Grumman where it is
necessary to evaluate overall reliasblility.

Reliebility. -

Mission Success and Safety. -~ The probability of success
and the probability of safety goals are equal and shasll be
(.999995) for completion of the mission requirements
specified herein. The goal shall include all operating
and nonoperating phases of life specified in Table I.

Operational Profile. - The reliability requirements above
shall be based on time and environmmental parameters
specified in Table III.

Reliability Apportionment. - The Propellant Tank Assembly
and 1ts subassemblies and parts shall be designed to meet

the reliability apportionment as developed by the reliability

studies required by the Purchase Order. The predicted
reliability of each subassembly and part shall be equal to
or greater than the required reliability as determined by
the studies.

Derating. - Design values shall be derated in accordance
with the factors developed in the rellability studies
specified.

Cade 28312
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2

3.7.3
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3.7 Structural Design Criteria. - The Structural Design Criteria

specified below shall be applied to the Propellant Tank
Assembly. The design shall incorporate positive margins
of safety for the specified loading conditions when
increased by the applicable factors of safety.

Strength, Stiffness, and Limit Load. - The level of struc-

tural strength and stiffness shall be established by
rational analyses to meet the specified loading conditions.
The loading conditions of the followlng paragraphs and
Table III are limit loads with the exception of the vibra-
tion spectra, see paragraph 3.7.6. For design, these
limit loads shall be multiplied by the appropriate factor
of safety specified herein. Rational allowance shall be
made and Incorporated in the limit loads for at least the
following:

(a) Stress concentration

(b) Fatigue

(¢) Dynamic response

(d) vVibrational amplification

Pressure Stabilization. - The tank structure shall not
require pressure stabilization. When pressure loads are
relieving in conditions involving the combination of

uniform internal pressure with acceleration forces,
pressure shall not be used.

Yield Factor of Safety. - The yleld factor of safety shall
not be less than 1.33. This factor of safety shall be
increased in weld areas as required in paragraph 3.7.7. At
1imit load times the yield factor of safety there shall be
no permanent deformetion which could prevent the Propellant
Tank Assembly from complying with the requirements of this
specification.

Code 26512
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3.7.5

3.7.6

3.7.6.1
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3.7.4 Ultimate Factor of Safety. - The ultimate factor of safety

shall not be less than 1.5. This factor of safety shall be
increased in weld areas as required in paragraph 3.7.7.

At limit load times the ultimate factor of safety there
shall be no structural fajlures.

Proof Pressure Factor. - The proof pressure factor shall

be 1.33 applied to the design internal pressure specified
in paragraph 3.7.9. During and after exposure to proof
pressure, the tank shall be fully capable of meeting the
requirements of this specification.

Vibration Design Factors. - The applied vibrational
enviromment given in Table III for launch and boost,
translunar, and lunar descent phases of the mission
consists of random excitation up to 2000 cps. The high
acceleration density levels at low frequenciles are
presented for use in design analysis only since
available test equipment is incapable of reproducing

the complete spectrum. The test requirements of

Table IV include separate sinusoidal vibrations to
account for this low frequency portion of the random
spectrum as well as to determine the design adequacy

in individual vibretion modes. See test requirements

of paragraph 4.3.8 and Table IV (Qualification Test
Conditions) for test procedures and times. The ultimate
vibrational values given in Table IV shell be considered as
part of the vibrational design.

For structural limit and ultimate loads, the following
factors of safety shall be applied to the vibration
amplitudes of Table III.

ILimit Loads. -

(a) Pre-launch packaged and unpackaged sinusoidal levels:
1.0 epplied to g and double amplitude.

Code 26812 Eng-279C QB 667 EDP Sheet No.
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3.7.6.1

3.7.6.2

3.7.6.3

3.7.7

3.7.8

(Continued)

(b) Launch, boost, translunar, descent sinusoidal levels:
1.3 applied to g and double amplitude.

(¢) Random levels during all phases: (1.3)2 applied to
g/ cps.

Ultimate Loads. -

(a2) Pre-launch packaged and unpackaged sinusoidal levels:
1.5 applled to g and double amplitude.

(v) Laumch, boost, translunar, descent sinusoidal levels:
1.5 applied to g and double amplitude.

(¢) Random levels during all phases: (1.5)° applied to
g2/ cps.

Vibration Amplification Factor. - The vibration amplifica-

tion factor of the design shall not exceed 10 over the

vibrational ranges specified in Table III. This factor
shall be defined as the total displacement of any point
divided by the displacement st the input points.

Weld Factor. - For design of welded jolnts, the stresses due

to the design internal pressure of parasgraph 3.7.9 shall be

increased by a weld factor of 1.33 above those obtained when
the factors of paragraph 3.7.3 and 3.7.4 are applied. The
resulting stressés shall not exceed the allowable stresses
specified in paragraphs 3.16.3.2.8 (at welds).

Environmental Factors. - The factor of safety for design,
proof and ultimate shall be equal to 1.0 for the following
enviromments listed in Table III.

Code 26313 Eng-270C QD 687
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3.7.8

3.7.9

3.7.10

3.7.11

3.7.12

3.7.13

3.7.1k

(Continued)

(a) Humidity

(b) Rain

(¢) Salt Spray and Fog
(d) Sand and Dust

(e) Fungus

(f) Ozone

(g) Hazardous Gases
(h) Radiation

Design Internal Pressure. - The limit design internal pres-

sure is 270 psia. This pressure results from the fluid
expulsion system and is based on the system relief valve
pressure setting.

Ullage Volume Pressure. - The limit value of this pressure

can vary from 15 to 120 psia and results from the propellant
loading back pressure. Variations in pressure are due to
temperature variations of the fluild enclosed in the tank.
This pressure is not additive to the design internal pressure
of paragraph 3.7.9.

Hydrostatic Pressure. - Hydrostatic pressure and inertisa

forces shall be based on a fluid density of .0525 lbs/in3.

Design Accelerations. - Limit values of design accelerations

are specified in Table III. Deslign conditions based on
combinations of these accelerations and the pressure of
paragraph 3.7.10 are given in Table III.

Leakage. - The total leakage rate of the Propellant Tank

Assembly shall not exceed 10™3 cc/sec when the tank is
pressurized, at TOO + 20°F, with helium at 15 psia and then
at 270 psia.

Baffle Stiffness. - The baffles and baffle assembly installa-
tion within the tank structure shall be designed with
sufficient stiffness or clearances so that, under the
conditions specified in Table IIT there shall be no physical
damage to the tank or pyrophoric reaction.

Code 26342 Eng-270C QB 807
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3.7.14.1 Baffle Design Conditions. - The limit design loads for the

baffles shall be based on a differential pressure equal to
an equivalent head of fluid. The maximum value of the
fluid head for the load distributions considered are
specified in Figure 3. Ring baffle and support frame
identification are specified in Figure 2. The following
conditions shall be considered in design. For each
condition all loading cases specified are applied
simultaneously.

Condition 1A:

loading Case 1. on Ring Baffle I
Loading Case 2. on Ring Baffle II
Loading Case 3. on Support Frames between Ring Baffles I & III

Condition 1B:

Loading Case 1. on Ring Baffle I
Loading Case 2. on Ring Baffle Il
Loading Case 3. on Support Frames between Ring Baffles I & III

Condition 24:

Ioading Case 1. on Ring Baffle II
Loading Case 2. on Ring Baffle III
loading Case 3. on Support Frames between Ring Baffles II & IV

Condition 2B:

Loading Case 1. ~on Ring Ba®fle II
Lloading Case 2. on Ring Baffle III
Loading Case 4. on Support Frames between Ring Baffles II & IV

Condition 3A:

loading Case 1. on Ring Baffle III

Loading Case 2. on Ring Baffle IV

Loading Case 3. on Support Frames between Ring Baffle III
and Baffle-Tank Support Plane

Code 26512  Eng-270C QB 087 EDP Sheet No
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3.

T7.14.1

(Continued)

Condition 3B:

Loading Case 1.
Loading Case 2.
Ioading Case k.

Condition LA:

Loading Case 1.
Loading Case 3.

Condition 4B:

Loading Case 1.
Loading Case 4.

on Ring Baffle III

on Ring Baffle IV

on Support Frames between Ring Baffle III
and Baffle-Tank Support Plane

on Ring Baffle IV
on Support Frames Between Ring Baffle IV and
Baffle-Tank Support Plane

on Ring Baffle IV
on Support Frames Between Ring Baffle IV and
Baffle-Tank Support Plane
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3.8 Capacity. - The propellant capacity of the tank including
ul%age volume shall be no less than 98,119 cubic inches at
65°F, as shown in the following table.
Volume Required
Item cubic inches
Propellant Volume 98,119
Included in propellant
Ullage Volume volume above.
Measurement Equipment
Allowance
(Quantity, Temperature
and Pressure Monitoring) 150
Baffle Volume Not included in propellant
volume above
Total Required 98,269 plus baffle
Internal Volume volume
Eng-278C

EDP Sheet No.
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3.11

3.12

3.12.1

3.13
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3.9 Residual Fluids. - The Propellant Tank Assembly shall

incorporate design features which shall keep residual fluids
to an absolute minimum when in the installed position.

Bonding. - Bonding shall be in accordance with requirements
of LSP-390-001.

Fail Safe., - Design shall be such that part failures shall

not propogate sequentially, i.e., the design shall be "fail-
safe",

Interchangeability. - Items designated as interchangeable

shall be capable of being interchanged or substituted, any
one for another, without modification or selection, and will
provide the same design, engineering and physical and func-
tional characteristics required of the original items and will
require no modification of any assembly or system in which
elther may be used.

Interchangeable Items. - The following listed items covered
by this specification shall be interchangeable:

(a) Propellant Tank (Assembly)

(b) Tank Subassembly (except at skirt interface attaching
hardware)

(¢) Cover Subassembly

(d) Cover Seal (initial installation only)

(e) Bolts, Cover éubassembly

(f) All removable detail parts which are physically similar

Replaceability, - Items designated as replaceable shall meet

all the requirements of interchangeable items except that
operations such as drilling, filing, polishing, etc., may be
required in the process of replacement, "Replaceable" shall
include replacement of an item which was previously
installed or replacement with a new item.

Code 26512  Eng-270C QB 87 EDP Sheet No.
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3.14 Maintainability. - The design shall include connections,

fittings, and similar items which may be disassembled as
well as access to them and access for replacement of
assemblies, servicing, and adjustment. These features shall
be subject to Grumman approval and shall be provided as shown
necessary by the Reliability Analysis and the Maintainability
Analysis, performed during preliminary design stages as
required by the Purchase Order.

Accessibility. - Access shall be provided for installation,
inspection and maintenance of the Propellant Tank Assembly.
Access shall require a minimum of disassembly or displacement
of parts, readjustments, resealing, reinspecting, special
tools or equipment.

Materials, Parts, and Processes. - Materials, parts and
processes shall be selected to meet detailed requirements
determined by design analysis based on function, reliability
and the environment generated by operation of the unit, as
well as the conditions specified herein., Materials, parts,
and processes shall be subject to Grumman approval.

Materials., -

Titanium Alloy. - All titanium parts specified herein shall
be made of a material which, as a minimum, meets with the
requirements of MIL-T-9047C Class 5 or MIL-T-90L6C Class 2.
When other requirements of this specification impose higher
or more stringent requirements, then the highest or most
stringent requirements shall govern.

Dissimilar Metals. - Dissimilar metals shall not be used in

contact with each other, unless suitably protected against
electrolytic and chemical corrosion or deterioration to

the extent that no contamination or operational impairment
is added to the system for the life of the part. The fluids
and environmental conditions specified herein shall be
considered when determining the existence of an undesirable
dissimilar metal combination.
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3.16.2 Parts. -
3.16.2.1 Limited Life Items. - The use of parts whose life 1is antici-

pated to be less than the required life of the Propellant
Tank Assembly shall be avoided. When this type of part
must be used, the part shall be marked to indicate date of
manufacture and the anticipated end of useful life either
by date or number of duty cycles or both.

Fastening Devices. - All fastening devices, including those
with self locking features, shall incorporate positive
safetying provisions. Fastening devices which place threads
in bearing shall not be used.

Cover Attaching Bolts. - The bolts used to attach the Cover
Assembly to the tank Subassembly shall have an anti-gall
coating and other necessary features to insure proper
installation without damage to threaded portions of the
tank or the bolt.

Processes. -

Fabrication and Heat Treat Processes. - Specific fabrication

and heat treat processes employed to meet the requirements
of this specification shall be establised and recorded.
These processes shall include but are not limited to the
following:

(a) Annealing and stress relieve temperatures

() Preheat cyclé

(¢) Solution anneal cycles

(d) Aging cycle

(e} Quench media and time

(f) Furnace atmosphere

(g) Tooling and fixtures

(h) Process, practice, and controls to be used

(1) Capability demonstration - distortion control and
correction, metallurgical and mechanical properties.
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3.16.3.2 Welding. - All welding of the tank sub-assembly shall be

performed by Grumman approved methods of mechanized tungsten
(TIG) inert gas process using an inert gas chamber or equi-
valent local inert gas shielding. Criteria for approval
shall be in accordance with Section 4 of this specification.

3.16.3.2.1 Type of Weld. - Only butt welds shall be permitted.

3.16.3.2.2 Inert Shielding Gas. - Inert gas used for shielding shall be:

(a) Argon in accordance with MIL-A-18455B.

(b) Helium Grade A in accordance with U.S. Department of
Interior Bulletin 585.

(¢c) Any combination of (a) and (b) of a grade specifically
deslgnated for welding, and with a maximum dew point
of -65°F.

3.16.3.2.3 Filler Wire. - Filler wire used for welding shall be
commercially pure Titanium in accordance with AMSL9S1.

3.16.3.2.4 Mismatch. - The allowable mismatch of welded sections shall
be 0.010 inch maximum before welding.

3.16.3.2.5 Weld Bead. - The wildth of the weld bead shall be mo greater
than L times the wall thickness of the tank at any weld
joint. The meximum buildup of the weld bead shall be equal
to or less than 0.045 inch on the 0.D. and 0.030 inch
on the I.D.

3.16.3.2.6 Penetration. - Complete 100% penetration shall be achieved
throughout the length of the weld.

3.16.3.2.7 Plenishing. - Weld beads shall not be planished. Grinding,
machining, scarfing, or repalr of the final face or the
root bead may be done only with the permission of Grumman.
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3.16.3.2.8 Material Properties. - Uniaxial material properties of heat

treated tanks and covers, as determined by room temperature
examination of test coupons, shall be in accordance with the
following requirements:

(Tank and Cover) (Tank Only)
Parent Material Transverse Longitudinal
At Welds At Welds

Ultimate strength 165,000 130,000 155,000
(psi) min.
Yield strength 0.2% 155,000 120,000 145,000
offset (psi) min.
Elongation (% in 1
inch) 8 L 5
Reduction of area
% min. 10 - -

Stress Relieving. - All welds shall be aged or stress
relieved, or both.

Rework Procedure. - Should weld discontinuities be detected
in excess of the requirements of 4.4.1.1.5, the defective
areas shall be repair welded using the procedure developed
in parsgraph 4.4.1.1.4. No more than two repairs shall be
permitted in the same area.

Other Weldments. - Manual welding is permitted provided
welding 1s performed in an inert gas chamber or equivalent
having adequate controls to insure sound welds. Inert gas
shall conform to paragraph 3.16.3.2.2. Welding shall be
performed by certified welders. Visible cracks of any kind
in weld metal or parent metal shall not be acceptable. All
welds shall be inspected by fluorescent penetrant method.
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3.17 Finish. -

3.17. Interior. - None

3.17. Exterior. - None

3.18 Dimensions. - Dimensions shall be as shown on applicable
Specification Control Drawings noted herein.

3.18. Tolerances. - Tolerances shall not exceed those specified
on the applicable Specification Control Drawings.

3.19 Welght. - The maximum Propellant Tank Assembly weight shall
be 110.1 pounds. -

3.20 Surface Roughness. - Surface roughness shall be established
for all interior and exterior surfaces and specified in
accordance with MIL-STD-10A., Values established on
Specification Control Drawings LSC280-401 and LSC280-L403
shall not be exceeded.

3.21 Cleanliness. - The interior of the Propellant Tank Assembly
shall meet the cleanliness requirements of LSP-270-0001 when
tested in accordance with paragraph 4.4.3.2.2.6. The tank
shall then be packaged and sealed in & manner that the
cleanliness level will be maintalned under all prelaunch
conditions until used.

3.21. Cleaning Process. - The cleaning process shall not impair

the cleanliness status or other requirements of the
Propellant Tenk Assembly. Caution should be used during
acid cleaning treatments in order to ensure against
hydrogen pickup. '

Marking. - Each Propellant Tank Assembly which has been
tested and approved as clean in accordance with 3.21 shall
have a suitable permanent warning marking attached‘to the
outside of the cover subassembly stating "OPEN IN CLEAN
AREA ONLY".
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3.22 Marking and Identification. - The Propellant Tank Assembly

and its subassemblies, and parts shall be marked and
identified as specified below:

Identification Terms. -

Nomenclature. - Nomencleture shall be the same as the
approved title of the specification or drawing to which the
item is designed. In all instances, the principal
identifying noun or noun phrase shall appear first. Where
limitation of space precludes spelling out the entire

title, it may be abbreviated to the following extent: the
principal noun or noun phrase shall be spelled out and

the significant modifiers (which establfsh accurate identifi-
cation) abbreviated per MIL-STD-12B.

Design Control Number. - This number 1s used to identify
design control documents (e.g.: Grumman or vendor specifi-
cation number). It is assigned by the design activity whose
specifications and engineering drawings control the design
and production of an item.

Serial Number or Lot Number. - Serial or lot number assignment
shall be established by procedure subject to Grumman approval.
These numbers shall be unique and consecutively assigned to
items bearing the identical manufacturer's part number.

Contract Number. - The contract number (NAS 9-1100) identifies
the NASA/Grumman contract for the LEM. This number shall be
marked on all items. Items purchased or subcontracted by
Grumman, shall, in addition, be marked with the applicable
Purchase Order (P.0.) number.

Manufacturer's Part Number. - The manufacturer's part number
shall be the number identifying the drawing (including dash
number(s) i1f the drawing is tabulated or multidetail) to
which an item is actually msnufactured. Number assigned

to identify sales, outline, installation, specification
control or purchase control drawings for procurement of
items by contractors shall not be used as the manufacturer's
part number. An item shall always be identified by the

part number assigned by the manufacturer throughout its
life, regardless of where used.
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3.22.1.6 Manufacturer's Name, Trademark or Code Symbol. - The name,

trademark or code symbol entered shall be that of the
activity who establishes and is responsible for the
Meonufacturer's identification, provided 1t is clearly
separated therefrom by a dash, slash, parentheses, or other
sultable means.

3.22.1.7 Special Characteristics and Information. - Under this
heading pertinent rating, operating characteristics, assembly
date and other information necessary for identification,
if any, may be entered. (See paragra,h 3.16.2.1.)

3.22.1.8 U.S. - The notation "U.S." shall denote Government ownership.
Other notations such as USA, NASA, or LEM shall not be used.

3.22.2 Identification Data Requirements. - All items shall be
identified in accordance with thils specification prior to
being subjected to their quality assurance requirements.
The following identification data shall apply to all items:

Nomenclature

Design Control No. 5 (The applicable Grumman Specification
Control Drawing No. and dash no.)

Serial Number

Contract Number

Manufacturer's Part Number

Menufacturer's Name, Trademark or Code Symbol
Special Characteristies (when applicable)

U.S. (Notation)
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3.22.3 Location of Nameplate or Markings. - Wherever possible, the

nameplate or marking shall be visible and readable after the
item is assembled or installed.

Identification of Items Without Sultable or Sufficient

Marking Surface. - Items which do not have suitable or
sufficient surface to reflect the camplete identification

data shall, as a minimum, be identified with the manufacturer's
part number and the serlal or lot number. Where this is not
possible, the 1tem shall be accompanied by suitable means

of identification subject to Grumman approval.

Identification of Unmarked Items Subject to Removal After
Installation. - The identification of unmarked items subject
to removal after installation shall be applied to the item
to whieh the unmarked item is assembled. This marking shall
be on a surface adjacent to the unmarked item when assembled.

Items Intended for Permanent Installation. - Items which
lose their identity after installation (e.g.: 1items
installed by welding and non-removable hardware) shall not
be reidentified.

Reworked or Selected Items. - Items reworked or selected for
special fit, performance or tolerance shall require new or
supplemental identification data as specified in 3.22.2.

Methods of Marking. - Identification of items shall be
accomplished by marking methods, materials and nameplates
which will not adversely affect the life or utility

of the items to which they are applied. All markings

shall be capable of withstanding the environmental and

life expectancy of the item to which they are attached,

and shall be permanent and legible for ready identification.
Metal stamps or electric stencling shall not be used on
finished hardware.
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3.22.5.1 Selection of Materials and Methods of Application. -

Identification shall be accomplished by one of the following
methods:

(a) Nameplates Attached by a method allowing
alteration of data without
requiring retesting per Section k.

() sStencil or Applied over exterior finish and
decalcomania removable or otherwise alterable
transfer without affecting the exterior

finish.

(¢) Acid or electric Shall be located where obliter-
ation and additional markings
mey be added without testing.

Workmenship. - All phases of workmanship shall be performed
in a thoroughly workmanlike manner in accordance with the
applicable drawings, specifications, and standards.

Processes and manufecturing methods, not covered by specifi-
cations shall be entirely suitable for the article, and work-
manship shall be in accordance with high grade spacecraft
practice. The quality of workmanship shall not degrade the
reliabllity, performangce, and life inherent in the design

of the article. All surfaces shall be smooth and free from
porosity, burrs, chips, dents, and other 1lrregularities.

QUALITY ASSURANCE PROVISIONS

General. - This section of the specification establishes

the general test and inspection requirements to be followed
during the propellant tank test progrem. The program shall
consist of the following test categories:

(a) Development Tests

(b) Qualification Tests

(c¢) Acceptance Tests
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b.1.1 Witnessing of Tests. - Grumman and the designated government

h.2.2.1

h.o.4

inspection agency shall be advised one week in advance
when tests are to be conducted so that representatives
may be present to witness the tests.

Test Facilities. -

General. - Private, commercial or government test facilities
may be used subject to Grumman approval.

Environmental Test Facilities. - The environmental test
facilities used in conducting tests shall be capable of
producing and maintaining the test conditions outlined
in the test plan. These facilities shall be of a size
and volume such that the item under test shall not
interfere with the generation and maintenance of the
required test conditions.

Environmental Protection. - Equipment which requires special
environmental control, such as hermetlc sealing, insulation,
vibration isolation, etc., shall be tested with the special

environmental control applied.

Standard Conditions. - Tests conducted without utilizing
special environmental shall be conducted under the following
standard ambient conditions:

(a) Temperature 57° to 97°
(b) Relative Humidity 95% or less
(¢) Barometric Pressure Local Atmospheric

Instrumentation Calibration. - All inspection measuring
and test equipment shall be calibrated against certified
secondary standerds which have been calibrated against
primary standards by the National Bureau of Standards or
an accepted testing organization. The calibration
intervals shall be proposed by the vendor and be subject
to approval by Grumman. Records shall be maintalned
indicating the date of last callbration and due date.
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The due date shall be displayed on each item of inspection,
measuring and test equipment or tools. The procedures

and means shall be provided for periodic operational checks
on each item of inspection, measuring, and test equipment
prior to use. (e.g., warmup and setting of electronic
instruments, and check of micrometers against shop
standards. )

Test Condition Tolerances. - The tolerance on test conditions
shall be specifled for each test. Acceptable values are:

(1) Temperature 3.0°F

I+

(2) vVibration Amplitude

I+

10%
(3) Vibration Frequency + 2%

(4) Rendom Vibration The vibration acceleration density
applied to the test shall be within
+ 2db of the specified test level
over broad regions of the spectrum
between 20 and 1000 cps and + 4 db
between 1000 and 2000 cps.

(5) Shock Amplitude + 15%
(6) Acceleration Amplitude + 5%
(7) Barometric Pressure  + 2%
(8) Humidity + 5%
(9) Time + 5%
(10) Pressure + 5%
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h.2.5 Sensing and Recording Equipment. - Sensing and recording

equipment of adequate response shall be used to obtain data
during transient conditions of the propellant tank tests
requiring the evaluation of time versus test data.

Mounting Fixtures. - The mounting fixtures shall support
the items under test in a manner that is representative
of their location in the LEM System.

Test Procedures. -

Leakage. -

Leak Detection. - The propellant tank shall be tested for
leakage at a pressure level of 15 psig and then 270 psig
at 7T0°F + 20°F. The vendor shall propose methods of leak
detection for the propellant tank assembly. Any detectable
leak shall require that the item be submitted to a leskage
rate test. The total leakage rate shall not exceed the
equivalent of a 1073 cc/sec. helium leakage rate for the
above pressure and temperature as specified in FED-STD-151
method 441 or LL2.

Vacuum Leakage Rate. - When vacuum leakage rate tests are
required, the sealed test specimen shall have a small
known emount (10-15% by volume) of helium inserted into 1t
prior to sealing. The test specimen shall be placed in

a vacuum chamber capable of attalning pressures in the
10-6 mm of Hg. range or lower. The chamber shall be
evacuated and a leak check made using a calibrated

helium mass spectrometer, and the actual percentage of
helium used, shall be noted.

Proof Pressure. - The tank shall be filled with a
pressurizing liquid, and the pressure shall be increased
to 360 psig in increments of 25 psig. The rate of pressure
increase should not be greater than 25 psig per minute.
Each incremental level of pressure shall be held for data
acquisition and the proof pressure shall be maintained

for at least 2 minutes.
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4.3.3 Creep. - The tank shall be filled with a pressurizing liquid

and mounted in a thermal chamber with provisions for
accessibility, visual inspection and drainage. The
temperature of the specimen and chamber interior shall

be stabilized at 100°F. Then the tank shall be pressurized
to 270 psig at a rate not to exceed 25 psig per minute.

The temperature and pressure shall be maintained for a
continuous period of 6 hours. Data recordings shall be
made periodically during the course of the test, and should
include dut not be limited to temperature, pressure, strain,
and circumferential growth all with respect to time.

4.3.4 Cycling Pressure. - The test set-up shall be similar to
that used in proof pressure testing with a servo system
included in the installaetion for controlling the pressure
eycle. The tank shall be filled with the pressurizing
liquid, and the pressure shall be cycled 40O times between
0 psig and 270 psig. The time duration fer each complete
cycle shall not be less than 30 seconds.

4.3.5 Burst. - The test set-up shall be gimilar to that used in
proof pressure test. The tank shall be filled with a
pressurizing liquid, and the pressure shall be increased
continuously to a level of 270 psig at a rate not to
exceed 25 psig per minute. Pressure shall then be increased
to 405 psig in 10 psi increments. Each increment shall
be maintained for 30 seconds and the 405 psig level shall
be maintained for not less then 2 minutes. Above LOS
psig pressure will be increased continuously to burst.
Stress, pressure, and circumferentlal growth shall be
recorded at each incremental level between 270 and L4O5
psig, and continuously above 405 psig to burst.

4.3.6 Shock. - An apparatus shall be used which is capable of
providing a sawtooth shock load with a linear rise time of
11 + 1 milliseconds and with a 1 + 1 millisecond decay
time. The test units shall be mounted empty in accordance
with 4.2.6. The measurement of the shock input shall be
accomplished at the mounting interface of the test
unit. The test shall be conducted under standard
conditions of 4.2.3.
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L.3.7 Sustained Acceleration. - The test unit shall be mounted on

the test apparatus (centrifuge) in such positions to produce
the accelerations shown in Table IV at the tank center of
gravity and in the directions specified for a particular
test. The tank shall then be filled with fluid of .0525
1bs/1in.3 density and the loads applied without pressure and
with 180 psig tank pressure. The test shall be run at
standard condition of L4.2.3.

4.3.8 Vibration. - All vibration tests shall be accomplished
in the three mutually perpendicular directions parallel to
the tank X-X, Y-Y and Z-Z coordinate axes. The tank
coordiante axes are defined in Specification Control Drawing
LSC280-400. Test units and jig assemblies shall be mounted
directly to the shaker head. If this type of mounting is not
practicable, slip tables may be utilized. A complete log
of each vibration test shall be maintained, including all
resonant frequencles, instrumentation used, design changes
made, and a detailed account of the performance of the
equimment under test. If, in attempting to equalize
vibration input or determine fixture resonances, it is
necessary to apply vibration energy to test units prior to
actual test, the vibration RMS - g value shall be kept to a
minimum and shall never exceed 50% of the actual test values.
The test levels for tanks empty or full (with a liquid of
. 0525 1b3/1n.3 density) pressurized or unpressurized are
given in Table IV. The values of the test level shall be
taken from Table IV and recorded; however, the force input
from the test fixture to the specimen shall not exceed
11,500 1bs. when the tanks are full.

4.3.8.1 Vibration Fixtures. - The fixture connecting the test unit
with the shaker head shall be capable of transmitting the
vibrations specified herein. Resonant frequencies of
fixtures compensated for test unit mass, shall be above
750 cps. The transverse motion (crosstalk) in any direction
produced by these fixtures shall not exceed the vibration
levels in the transverse direction specified herein. The
requirements outlined above shall be verified by & sinusoidal
vibration sweep at test frequencies using a mass simulated
dummy test item.
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4.3.8,2 Sinusoidal Vibration. - The vibration input levels shall be

measured at or near each test unit mounted location.
Whenever more than four mounting locations exist, only four
points need be monltored. Any accelerometer fastened at one
of the mounting locations can be used as the servo control
input provided that:

(a) The control input maintains levels at the test
frequency within + 1 db of the requirements.

(b) The level at any input location is within + 4 db of
the requirements at the test frequency.

(¢) The average of all inputs at the test frequency
is within + 2 db of the requirements.

Exceeding the lower limits of the above tolerances shall be
cause for rejection of the delinquent portion of the test
and shall necessitate rerunning only that portion of the
vibration test. The recording of the accelerometer output

signals shall be accomplished on a continuous recording device.

The recording device shall have a response capability such
that the complete signal wave form may be examined and
analyzed. A sinuosldal vibration sweep test at 50% of the
required sinusoidal levels shall be conducted to demonstrate
canmpliance with the required control limits.

Random Vibration. - The vibration input for this test shall
be controlled from the same accelerometer as used to control
the sinusoidal vibration test. The spectrum at test levels
shall be analyzed and a plot of acceleration spectral density
(32/ cps) versus frequency shall be compiled for eaeh random
test. The andl yzing filter shall have a maximum band width
of 1/3 octave or 100 cps, whichever is less.

Tests. -

Development Tests. - Development tests shall be conducted to
provide data to be used in the design or in the support of
the design of the propellant tank assembly. Development tests
shall be used to determine stress-to-failure mode asnd weak
1link characteristics for verification of analysis and
determination of strength margins. Vibration amplification
factors shall be substantlated during development testing.
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k.41
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h.h,1.1.2
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(Continued)

Development tests shall be categorlzed as follows:
(a) Design Feasibility Tests

(b) Design Verification Tests

Design Feasibility Tests. - Design feasibility tests shall
include 81l tests conducted for the following purposes:

(a) Component and part selection.

(b) Selection of weldment process, heat treat process
and forging process.

(¢) Selection of materials.

(d) Substantiation of safety margins or other analytical
assumptions.

Billets and Forgings. - Billets and forgings shall be in
accordance with the applicable portions of 3.2.1.1, 3.2.1.3
and Table II.

Welding. - Weld process approval for a particular weldment
shall be granted after a demonstration has proved that the
test rings of 4.4.1.1.3 meet the tensile strength requirements
of 3.16.3.2.8. Premature failure of a test ring or component
weld, shall require weld process reapproval.

Test Rings. - The strength, ductility, and the potential
effect of weld defects shall be evaluated by circumferentially
welding four test rings of the diameter and thickness of the
propellant tanks. The welding processing details and pro-
cedures shall be identical to those to be employed in the
fabrication of the propellant tanks. Each test ring shall be
inspected for compliance with welding requirements of para-
graph 3.16.3.2 and 4.4.1.1.5. A minimum of six (6)
longitudinal and six (6) transverse tensile test specimens as
shown in Figure 1, shall be machined from each ring and tested
to evaluate the efficiency of the weld. ILocations and
condition of all tensile test specimens shall be approved prior
to machining and testing as per FED-STD-151 method 211. 1In
the event that a welding process change is planned during the
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L.4, 1.1.3
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h.4,1.1.5.2

4.4.1.1.5.3

4.4.1.1.5.4

(Continued)

fabrication of the propellant tanks which may effect the
Joint efficency, four additional test rings as described
above shall be prepared for test.

The feasibility of producing sound repair welds and multiple
repair welds shall be demonstrated by fabricating four
additional test rings and testing each ring as follows:

(a) 1st 120 degree segment Single welds

(b) 2nd 120 degree segment repair once.

(c¢) 3rd 120 degree segment repair twice.

The longitudinal and transverse tensile specimens shall be
taken from each segment of each ring. The weldment shall

be 100 percent radiographically inspected. The results shall

be submitted to Grummen for approval.

Welding Requirements. -

Imperfect Fusion. - Imperfect fusion is defined as a condition
where the weld deposit metal falls to melt together with the
base metal or previous weld deposite over the entire surfaces
exposed for welding.

Isolated Porosity. - Isolated porosity is defined as a
condition existing when the image of a cavity of maximum
size specified 4n Para. L4.4.1.1.5.6 (=) is spaced from
another cavity defined as isolated porosity by a distance
of at least .150 inches.

Scattered Porosity. - Scattered porosity is defined as a
condition existing when there are two or more cavities with
diemeters specified in Para. 4.4.1.1.5.6 (b) and having a
minimum distance of 3 times the major diameters between

the cavities. This spacing limit will also apply when
scattered porosity is adjacent to isolated porosity.

T-thickness of Weld. - The T-thickness of weld is the thick-
ness of the thinner of the two adjoining edges of material
at the weld.
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4. %.1.1.5.5 Radiographic Examaination. - Radiographic examination shall

be accomplished by normal vision at IX magnification. All
positive indications discernible by normal vision shall be
identified. Questionable indications ddscernible by normal
vislon shall be verified by the utilization of a viewing
glass at 3 to 5X magnification and disposition given only
to the questlionable indications. Acceptance of the area
adjacent the guestionable indications shall be determined
by 1X visual evaluation.

4.4.1.1.5.6 Porosity and Non-Metallic Inclusions. -

(a) Isolated Porosity - Isolated porosity shall be
acceptable, maximum size range shall be .021 to .025
inches in diameter or 0.35T, whichever is smaller.
There shall be no more than four (h) inclusions per
linear inch of weld (Ref. Para. L.4.1.1.5.2).

(b) Scattered Porosity - Scattered porosity shall be
acceptable in size up to .020 inches in diameter.
There shall be no more than 0.12 inch total
diameter of inclusions per linear inch of weld
(Ref. Para. L.4.1.1.5.3).

(¢) Combined Porosity - The summation of the pore
diameters as per Para. L.4.1.1.5.6 (a) and (b)
whichever is applied shall not exceed .120 inches
total diameter per linear inch of weld.

(d) Porosity with Tails - Porosity with tails or sharp-
cornered boundaries shall not be acceptable.

(e) Surface Pores - Surface pores larger than .0l0 inch
diameter or depth shall not be acceptable.

(f) Elongated Porosity - Elongated porosity in which the
mejor axis twice exceeds the minor axis is not
acceptable.

(g) Non-Metallic Inclusions - Non-metallic inclusions
that are spheroidal in shape shall be included with
and not in addition to the porosity limits.
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4.4.1.1.5.7

L. 4.1.1.5.8

b.h.1.1.6

b4 1.1.7

Metallic Inclusions. -

(a) Metallic Inclusions - Metallic inclusions that
are sharp-cornered shall not be acceptable.

(b) Metallic Inclusions - Metallic inclusions that
are spheroidal in shape shall be included with
and not in addition to the porosity limits.

General Defects. -

(a) Undercut - Undercut of the weld bead, below the
face of the parent metal shall not be acceptable.

(b) Concavity - Concavity of the weld bead, under the
face of the parent metal shall not be acceptable.

(¢) Cracks - Cracks shall not be acceptable.

(d) Incomplete Penetration - Incomplete penetration
1s not acceptable.

(e) Imperfect Fusion - Imperfect fusion is not acceptable.

(f) Notches - Notches are not acceptable.

Heat Treat. - The metallurigical test samples defined in
E.E.l.l.3 shall be subjected to the same heat treat
cycle as the production tenk. Tensile specimens may

be stralghtened prior to stress relief.

Mechanlcal Properties. - Ultimate strength, yield

strength, and elongation, of each tensile specimen
shall be determined per FED-STD-151 method 211. The

transverse tensile specimens Bl and B2 of Fligure 1 shall
be examined as follows:

(a) Macroetch-Photographs (2x) shall be taken of the
weldment cross-section as etched.

(b) Microhardness testing-Microhardness surveys
(Knopp 200-gram indenture or equivalent) shall be
conducted on the weldment cross-sections (weld
bead through heat affected zone to parent metal).
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h.4.1.1.7 (Continued)

(c¢) Microetch-Photomicrographs (100x) shall be taken of
each weldment cross-section.

4h.4,1.1.8 Weldment Inspection. - Each weldment shall be visually
inspected and 100% radiographically, and fluoresent
penetrant inspected after welding, for compliance with
4.4.1.1.5 prior to further precessing.

4L.4.1.1.8.1 Fluorescent Penetrant Inspection. - All weldments shall be
100% fluorescent penetrant inspected per MIL-I-6866A after
final processing and after acceptance tests are completed.

h.h,1.1.9 Heat Treat Test Specimens (Tanks). - Six test specimens
shall be machined from equally spaced locations on the
trepanned discs or trim rings of each heat treated forging.
Three specimens shall be tested to check the acceptability
of the forging per Table II. During the stress relief of
each tank, three test specimens originating from each hemi-
spherical forging shall be suspended at equally spaced
locations around the tank and tested to check the final
properties of the tank per 3.6.3.2.8.

h.h 1.1.9.1 Heat Treat Test Specimens (Cover). - Three test specimens
shall be machined from each heat from which the covers are
forged to certify the material. Three additional specimens
from the same heat for each cover shall be utilized to
certify the heat treat response. During stress relief, the
specimens shall be located adjacent to the component. The
tensile tests shall then be performed.

L.4k.1.1.9.2 Surface Condition. - After completion of tensile test, the
specimens shall be evaluated to determine the extent of
oxidation and surface contamination.

4.4.1.1.10 Measurements. - Each‘tank shall be inspected dimensionally
after stress relief for conformance to the requirements of
Specification Control Drawings LSC-280-400, 401, L02 and
L03.

k.4.1.1.10.1 Wall Thickness. - Wall thickness measurements shall be
conducted by Videgage method or equivalent, that shall
have an accuracy of 0.002 inch or plus or minus 0.1
percent of the wall thickness, whichever is greater.
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L.hk.1.2 Design Verification Tests. - Design verification tests

are advance stage development tests which shall be
performed on the propellant tank for the purpose of
substantiating the correctness of the design for its
intended mission. Successful completion of design
verification tests provide the assurance necessary to
permit a design freeze decision to be made. These

tests shall include the requirements of paragraph L.L.1.1
and Table V.

L.h.1.2.1 Reliability Assurance. - As an integral part of the Descent
Tank Design Verification test program the Tank Assemblies
shall meet the requirements of paragraph 4.3 and Table V.
No failure other than that specified in paragraph 4.3.5
shall be permitted during the tests.

Successful completion of these tests shall be a pre-
requisite to the start of the formal Qualification Test.
Tests applicable to relisbility assurance shall fulfill
the following essentials:

(a) The tests shall be conducted on equipment which is
representative in design, physical configuration
and material to deliverable flight weight equipment
as approved in the Test FPlan.

(b) The above items are tested te failure under system-
atically increasing internal pressure (Burst).
Failure is described as rupture or evidence of in-
cipeant failure of any portion of the tank.

A fallure mode prediction analysis shall be completed prior
to the start of the reliability assurance test. The
analysis shall be conducted as specified in the Purchase
Order.

h.h.1.2.2 Analysis of Results. - Vendor shall perform an engineering
analysis of the data generated by the stress-to-failure
tests including a correlation with the Failure Mode
Prediction Analyses and submit the data and the analysis
to Grumman.
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h.b.2 Qualification Tests. - Qualification tests shall

be conducted on samples identical to production
Propellant Tank Assemblies for the purpose of
verifying their conformance with this specification.

General. - Prior to any qualification tests, the Pro-

pellant Tank Assembly shall undergo acceptance tests

in accordance with paragraph 4.4.3. The propellant
tank assembly and test apparatus shall be subjected to
inspection by Grumman quality control representatives.
At cenvenient times prior to and after the tests, the
propellant tank assembly shall be examined to determine
conformance to all requirements. At the option of
Grumman, measurements shall be mede of critical Pro-
pellant tank Assembly dimensions prior to start of the
qualification tests. During the progress of tests,
examinations may be made at the option of Grummen. The
results of these examinations shall be a part of the
qualification test data. Propellant Tank Assemblies
that have undergone qualification tests shall not be
used for flight acceptance tests, nor shall they be
used as flight equipment or flight spares. All parts
or elements which have been subject to qualification
tests, either individually or as part of a larger
assembly shall be distinctively marked as qualification
tested parts. Items of equipment which have been
qualification tested, shall not be used for qualil-
fication testing as part of a higher order assem-

bly.

Parts Failure and Replacement. - Maintenance, adjust-

ment, or replacement of parts shall not be permitted
during qualification testing except when approved
by Grumman.

Propellant Tank Assembly Inspection and Tests. -
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4. 4h.2.2.1 Propellant Tank Assembly Inspection Before Tests. - All

components shall be completely inspected for compliance with
drawings and specifications prior to qualification testing.
Deviations from the drawings and specifications shell be
cause for rejection unless approved by Grumman. Defective
parts shall not be used on any propellant tank assembly
subjected to the qualification tests.

h.4.2.2.2 Propellant Tank Assembly Tests. - The Propellant Tank Assembly
Tests shall include the requirements of peragraph 4.4.1.1
and Table VI,

L.4.2,2.2.1 Weight. - The Propellant Tank Assembly components shall be
weighed and its weight shall not exceed the value specified
in 3.19.

h.h,2.2.2.2 Fungus. - Propellant Tank Assembly components shall be
subjected to a fungus test as specified in Table IV if
these components are fabricated of fungi nutrient materials.

L.4h.2.2.3 Propellant Tank Assembly Inspection After Tests. - After
completion of tests the propellant tank eassembly 8hall be
subjected to a visual examination and measurements taken,
as necessary, to disclose excessively worn, diestorted,
or weakened parts. Photographs shall be taken of such
discrepant parts and these photographs shall be included
in the test report.

L. 4. 2.2.4 Qualification Conditions. - Qualification of the Propellant
Tank Assembly shall be predicated on maintenance of all
parameters within specified limits.

L.4.3 Acceptance Tests. - Acceptance tests shall be conducted on
deliverable items to provide assurance that the Pro-
pellant Tank Assembly is within the limits of the design
parameters and is free from material, construction, work~
manship and functional deficiencies. All Propellant Tank
Assemblies delivered for fulfillment of the Purchase Order
shall be subjected to an acceptance test.
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L.y, 3.1 General. - The Propellant Tank Assembly, the test apperatus

and the material entering into the manufacture of articles
for fulfillment of the Purchase Order, shall be subjected to
inspection by authorized Grummen representatives. At con-
venient times prior to and after the tests, the Propellant
Tank Assembly shall be examined to determine conformance with
the requirements of the Purchase Order. During the progress of
tests, examinations may be made at the discretion of Grummen.
Propellant Tank Assembly for use on flight spacecraft shall
not have been subjected to more than two (2) acceptance

test programs nor have been subjected to environments of an
intensity higher than acceptance test levels.

L.4.3.2 Propellant Tank Assembly Inspection and Tests. -

L.4.3.2,1 Propellant Tank Assembly Inspection Before Acceptance Test. -
Yach Propellant Tank Assembly shall be completely assembled
in accordance with the drawings, then visually and
dimensionally inspected before commencing the tests.

4.4,3.2.2 Propellant Tank Assembly Tests. - Each Propellant Tank Assembly
as assembled for the inspection specified in L.4.3.2.1 shall be
subjected to the tests outlined in paragraphs 4.4.3.2.2.1
through 4.4.3.2.2.7 in the order specified.

h.4.3.2.2.1 Proof Test. - The propellant tank assembly shall be subjected
to a proof test using the procedure of 4.3.2.

L.k.3.2.2.2 Leak Test. - The propellant tank assembly shall be subjected
to a leak test- using the procedure 4.3.1.

4.4.3.2.2.3 Vibration. - The Propellant Tank assembly shall be subjected
to random vibration tests using the procedure of 4.3.8 with
the conditions of Table VII.

L.4.3.2.2.4 Leak Test. - The propellant tank assembly shall be subjected
to leak test using the procedure of L.3.1.

4.4.3,2.2.5 Weight Test. - The propellant tank assembly shall be subjected
to a weight test and its weight shall not exceed the value
specified in 3.19.

Code 26513 Eng-278C QB 667 EDP Sheet No.




Spec. No,___LSP-280-4B

SPECIFICATION Date: 7-8-64
Page: 39
L.k.3.2.2.6 Rinse Test. - The cleanliness of the Propellant Tank

Agsembly shall be verified by a rinse test in accordance
with LSP-2T70-0001.

L. 4.3.2.2.7 Capacity Verification. - The vendor shall measure the
propellant tank volume and the volume shall not be less
than that specified in 3.8. Residual fluids shall also
be measured and recorded.

5 PREPARATION FOR IELIVERY

5.1 General. - The preparation for delivery shall render the
propellant tank assembly capable of long term storage and
shipment without degradation of reliability because of
corrosion, contamination, physical damage from slosh,
vibration or other shipping hazards encountered during
handling and transportation to Grumman.

5.1.1 Procedure. - Written procedures shall be submitted to
Grumman for packaging in accordance with Section E of
the Purchase Order.

5.2 Preservation and Packaging. - The Propellant Tank Assembly
shall be packed in such s manner as to meet the environ-
mental requirements stated in Table III of this specification.
Cleanliness of the barrier materials shall be equal to or
greater than the cleanliness level of the Propellant Tank
Assembly.

5.3 Adequacy of Packaging and Packing. - Adequacy of the
packaging and packing shall be verified by tests according
to Method 516, Procedure III of MIL~STD-810. Tests
shall be performed on packaged Propellant Tank Assembly or
a dumy load. The Propellant Tank Assembly or dummy load
shall be instrumented to determine the maximum acceleration
and pulse duration experienced along the three major axess.
Loeation of the accelerometers shall be approved by Grumman.
Recorded accelerations during the tests shall not exceed the
design shock limit levels.
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5.4 Marking of Shipments. - Interior and exterior containers

shall be durebly and legibly marked. The markings shall
provide the following imformation:

Item Neme

Contractor's Control No.

Stock No.

Contractor's Order No.

Manufacturer

Mfg.'s Serial No.

Date of Manufacture

6 NOTES

6.1 Definitions. - For the purposes of this specification the
following definitions shall apply.
Pyrophoric Reaction - A spark or ignition of tank material
in the presence of Nitrogen Tetroxide occuring spontaneously
or as a result of motion, deformation or impact of tank
material.
Effective Surface - Those surfaces of the Propellant Tank
Assembly which will come in contact with the stored
propellants.

Code 38813  Eng-370C QB 087

EDP Sheet No.




Spec. No.__ LSP-280-4B

SPECIFICATION Date: 7-8-64
‘ L1

Page:

TABLE I

Typical LEM Vehicle Tank Life Cycle

Event Operating Non-Operating Environmental
Time Time and load con-
(seconds) (hours) ditions from
Table III

Pre-launch (NOTE 1, 2

acceptance test 90 -- -

Pre-launch (ready condition) -- *¥up to 180 days B

Launch, boost -- .2 C

Space flight to LEM -- 87.2 D

separation

Insertion into landing 30 - E

trajectory

Coast -- 2.53 : E

Powered Descent 360 -- E

Hover to Landing 120 -- E

Post landing - 22,98 E

*Ready condition - period between final hot firing acceptance test until
£111 for launch.
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NOTE 1:

NOTE 2:

TABLE I (Continued)

Cold flow testing will be performed at Grumman. Hot

firing involving flow from tanks will be conducted at AMR.
Between these tests the propellant tanks shall be subjected
to transportation transients enroute.

Propellant tanks will be subjected to not less than LO fill,
pressure, flow, drain, flush and purge cycles during the
ground test and pre-launch programs. During these periods
the tanks may be continuously exposed to propellants for
periods up to 1 month and may have intermittant exposure
over a period of 18 months.
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TABLE II

QUALITY ASSURANCE TESTS FOR

FORGINGS AND FORGING MATERIALS

Type of Tests Billets Forgings

“hemical Analysis
seneral Chemistry Mid-radii 1004 1004,
Top or Bottom

Peniduals Gas Analysis Top or Bottom 100% 1004,
“ATRO Examinations
Chemical Cegregations Top & Bottam  100% N
Macroslabs (a)
Grain Flow N lst pilece

MTICEO Examinations

Jurface Oxidation N N
()
Eeta Transus Determination Mid-radii (v) S
Top & Bottom  100% S
deneral Structure Top & Bottom S (c)

arain Size Determination

Heat Treat Responce N 100%
tensile Tests (a) & (d)
0.252 inch diameter bar to
include ultimate tensile
ctrength, yileld strength
(0.2% offset), reduction of
urna, and elongation

ladiographic Inspection (e) N 100%

‘Ntrasonic Inspection (f) 100% N
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NOTES:

TABLE II (Continued)

N - Not required or not applicable.

S - Sampling Plan

(a) After the forging technique has been established for
each type camponent, one forging shall be destructively
tested to determine the grain flow and mechanical
properties, If the forging practice is altered, in

each case, one additional forging shall be destructively
tested.

(b) Forging temperature shall be below the beta transus
temperature of the heat of titanium material being
forged. The microstructure shall be equiaxed alpha-
beta or plate-like alpha in a beta matrix. Acicular
alpha or alpha outlining prior beta grains shall be
evidence of overheating and cause for rejection.

Alternate Method: Beta transus determination by

the gradiant bar (macro) method permissible. If this
method is used, the sample may be taken from top or
bottam of billet.

(c) Forging temperatures and reductions shall be controlled
to produce as small grain sizes as practical.

(d) Test specimens shall be processed in accordance with the
heat treatment per paragraph 4.k.1.1.9 and shall meet the
requirements of 3.16.3.2.8.

(¢) Radiograph inspection per MIL-STD-453 for conformance
to paragraph 3.2.1.1 and 3.2.1.3.1. High density
particles or voids are not acceptable in the finish
machined camponent.
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TABLE II (Continued)

(f) Ultrasonic inspection to Class A requirements for
conformance to paragraph 3.2.1.1 and 3.2.1.3.1; i.e.,
5/64 inch maximum indication with 3/64 inch maximum
indication on one inch centers. Finish machined
camponents shall have no ultrasonic indications.

(g) Not required provided a minimum of 0.03" is machined
fram the surfaces of the heat treated and rough
machined forgings.
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TABLE III

ENVIRONMENTAL AND LOAD CONDITIONS

NOTES: 1. Factors of safety are not included in the levels specified
herein. Factors of safety shall be applied to these values
and self-generated structural loads of each subsystem.

2. All accelerations are "earth g's". Multiply by earth weight
or use 32.2 ft/sec2 as appropriate.

3., Vibration spectra herein refer to straight lines on a
log-log plot.

4, "packaged" means ready for shipment in the special shipping
and storage container.

A. Pre-Launch Packaged (Tanks Empty)

Acceleration: (ns) 2.67 g vertical with 1.0 g lateral
applied to container.

Shock: (ns) Transportation, handling and storage
in the shipping container shall not
produce critical design loads on the
propellant tank assembly and shall
not effect an increase in weight.

Shock as in MIL-STD-810 (USAF) 14
June 1962 Method 516 Procedure III.

Vibration: (ns) The following vibration levels are
specified during transportation,
handling and storage. Vibration to
be applied, along three, mutually
perpendicular axes, x, ¥, and z to
the container. (In accordance with
Table 1V.)
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TABLE IIT (Continued)

A. Pre-Taunch Packaged (Tanks Empty) (Continued)
Vibration: (Cont.) For 100 1b. or.less For 300 1lb. or more
cps g or D.A. cps .- g or D.A,

5-7.2 .5 in D.A. 5-7.2 .5 in D.A.
7.2-26 + 1.3g 7.2-26 + 1.3g
26-52  ,036 D.A. 26-52 ,036 D.A.
52-500 + 5.0g
(£) (£)

(f) For 100 to 300 1lb. use figure

514 -8 Method 514 MIL-STD-810

(USAF), 1k June 1962 for maximum

frequency.

¥Pressure: Atmospheric pressure corresponding
from sea level to 50,000 ft.

Temperature: -65°F to +160°F

*Humidity: O to 100 percent relative humidity
including condensation.

*Rain: Rain as defined in Method 506
MIL-STD-810(USAF) 14 June 1962.

*¥3alt Fog: Salt fog as encountered in a beach
area (equivalent of spray of 5% salt
solution in water for 50 hours).

(ns) These levels of Environments and Loads do not occur
simultaneously.

* Ambient Environment on outside of package.
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TABLE III (Continued)
A. Pre-launch (Tanks Empty) (Continued)

As in desert and ocean/beach areas,
equivalent to 140 mesh silica flour with
particle velocity up to 500 ft/min.

similtaneously.

Fungus: In accordance with Method 508,
MIL-STD-810 (USAF) 1k June 1962.
*0Ozone: Exposure with 0.05 parts/million
concentration (1/2 toxic limit)
B. Pre-Launch Unpackaged (Tanks Empty)
Acceleration: (ns) 2.67 Vertical (x-axis) with 1.0 g
Lateral (x-y plane)
Shock: (ns) Shock as in MIL-STD-810 (USAF), 14 June
1962, Method 516 Procedure I, Modified.
Modity shockpulse to saw tooth 15g
peak 10-12 ms rise, O0-2 ms decay.
Vibration: (ns) Same as pre-launch packaged but applied
to equipment.
*Pressure: Tank Gage Pressure: to vary from ambient
to proof gage pressure,
Temperature: -20%F to 110°F Ambient Air Temperature
plus 360 BTU/FT° HR up to 6 hr/day.
Humidity: 15% to 100% relative humidity including

condensation.

*Ambient enviromment on outslde of Package.

(ns) These levels of enviromments and loads do not occur
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TABLE ITI (Continued)
B. Pre-launch Unpackaged (Tanks Empty) (Continued)
Rain: Same as packaged but no direct
impingement.
Salt Fog: As in MIL-STD-810 (USAF) Method 509.
Sand and Dust: Same as Pre-Iaunch Packaged.
Fungus: Same as Pre-Launch Packaged.
Ozone: Same as Pre-Launch Packaged.
C. Launch and Boost (Tanks Full)

Accelerations and Tank Pressures: (ns)

Condition

loading

Boost Burnout

Eniine Hardover

External Pressure:

Ambient at Sea Level to 1 x 10-10 1m Hg.

Internal Pressure 15.

Nx  See 4.70
Ny  Tank Assy. - | 40.1
Nz Drawing 40.1

LsC280-400

120 | 15. | 120 15. | 120
4, 70| -2.6] -2.6 2.3 2.3
0.1 +0.1] 0.1 +.4l5 |+ L5
+0.54k4s5

+9.1] +0.1f #0.1| #0.4k5

(ns) These levels of enviromments and Joads do not occur
simultaneously.
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TABLE ITI (Continued)
C. Launch and Boost (Tanks Full) (Continued)

External Pressure: (p) Ambient at sea level to
1 x 10-10 mm Hg

Internal Tank Pressure: (p) 15 to 120 psia.

Vibration: (ns) The mission environmment consists
of the following random spectrum
applied for 17 minutes along each
of the three mutually perpendi-
cular sxes, x, y and 2.

5-25 cps .18g2/cps constant
25-34 cps 12 db/Octave roll-
off to
34-2000 cps .0L3g?/cps constant

Temperature: +40 to +100°F within the pro-
pulsion compartment. O to
+1109F ambient at sea level.

Humidity: Same as prelaunch packaged.

Hazardous Gases: Explosive-proofing requirement
defined in Method 511, MIL-STD-810,
14 June 1962.

Radiation: See paragraph 3.5.1

(p) Pressure act simultaneously with random vibrations.

(ns) These levels of environments and loads do not occur

simultaneously.

Code 28512 Eng-278C QB 687 EDP Sheet No.




Spec. No.___ LSP-280-4B

SPECIFICATION Date. 7-8-64

Page: oL

TABLE III (Continued)

D. Space Flight - Translunar (Tanks Full)
Internal Pressure: 15 to 120 psia
External Pressure: 1x lO'lu mm Hg uncontrelled
vacuum
Temperature : +40° to 100°F in propulsion comp.
Radiation: Van Allen, Solar Flare &

Space background. To be
defined as needed (inner
belt 10 min. 1/2 hr. delay -
outer belt. See paragraph
3.5.1)

Vibration: The mission environment consists
of the following random
spectrum applied for 6
minutes along each of the three
mutually perpendicular axes,
x, ¥y and z.

5-47 cps .89g2/cps constant
47-65 cps 12 db/Octave roll-
off to

65-1000 cps  .024g2/cps constant
1000-2000 cps 12 db/Octave
rolloff

Code 26512  Eng-278C QB 647 EDP Sheet No. —




Spec. No.____LSP-280-4B

SPECIFICATION Date. 7-8-6l

52

Page:

TABLE IIT (Continued)

E. Iunar Descent (Tanks Full or Empty)

Vibration: The mission environment consists of the
following random spectrum applied for
11—1/2 minutes along each of the mutually
perpendicular axes, X, y and z.

10-28 cps .l8g2/cps constant
28-37 cps 12 db/Octave rolloff to
37-1000 cps .059¢ /cps constant
1000-1200 cps 12 db/Octave rolloff to
1200-2000 cps  .031g2/cps constant

External Pressure: 1 x 10-10 mm Hg uncontrolled vacuum
Internal Pressure: 15 to 270 psia
Temperature: LOOF to 100°F propulsion compartment
Radiation: See Paragraph 3.5.1

F. Additional Loading Conditions (Tank Full)

Condition

Ioading ) I II I1I TV
Internal Tank 15 270 15 2o | 15 270 P70

Pressure (psia)

Nx  See +1.6| +1.6 0 0| O 0 |0
Tank Assy
Drawing
Ny  LsC280-4oo 0 0 +1.6| +1.6 © o |o
Nz 0 0 0 +1.6] +1.6 {0

External Pressure: 1 x 10710 mm Hg Uncontrolled Vacuum.,
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G.

TABIE III  (Continued)

Design conditions for lateral restraint hardpoint at the +X
axis end of the propellant tank assembly.

Condition A:

Condition B:

During earth launch a 1limit lateral load of

4000 1bs. (acting in the Y-Z plane at the +X
axis end of the tank) shall be considered in
combination with a +4.70g limit axial load factor
along the X axis. The lateral load and resultant
tank inertia force shall be balanced at the tank-
support interface plane. The tank shall be
considered full of propellant. The internal
ullage volume pressure will vary between 15 psi
and 120 psi. The external pressure will vary
between ambient at sea level to 1 x 10-10 mm Hg
uncontrolled vacuum.

During lunar landing a limit lateral load of

3000 lbs. shall be considered acting in the

Y-7 plane at the +X axis end of the tank. This
loading shall be balanced at the tank-support

skirt interface plane. The internal tank pressure
can vary from zero to 270 psi. The external pressure
equals 1 x 10710 mm Hg uncontrolled vacuum.
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TABLE V
DESIGN VERIFICATION TESTS
Sequence 1 2 3 4L 5 617 8 9 10 | 11 |12 13
o3
o o 0 9 ~ . A
4 o 2™ X o e ) v ™ FEg)
Test 84-r4 §: 3 |8 S| = S8 < 5| o+ |4 gé
el a R Bal ¥ lsal SEah | Y854 as
R - - Y T R R A 5
Bl<| B B | Bhe (463 & G
o sol X BG )
o ] )] [ ] H oo VI ] [ ]
- ()] ~ HE ﬁhp O MK ~ H
13 & & s EEEl |98 & &
Tank

1l X X X X X XF X X X X X XF
o X X X X X X X X X X X X XF
3 X X X X X X X X X X X X XF
4 X X X X[ X X{ X X X X X X XF
5 X X X X X X X X X X X X XF
Notes: For Tank #l1, acceleration and cycle tests shall be performed

prior to the vibration test. The vibration test of Tank #l,
shall be conducted by applying the vibration condition given
in Table IV, Test 4 (a) except that the tabulated ultimate
random vibration acceleration density (g°/cps) values shall
be divided by a factor of 1.33 and the tabulated ultimate
sinusoidal vibration acceleration and/or double amplitude
values shall be divied by a factor of 1.15. A unit test for
one axis shall consist of 40 minutes of random vibration
followed by 2 sweep cycles of sinusoidal vibration (swept
logarithmically at 3/4 Octave per minute from 5 cps to 2000
cps and then from 2000 cpe to 5 cps). The total exposure time
shall consist of one unit test with the tank empty and
pressurized to 270 pei and one unit test with the tank full and
Fressurized to 270 psi for each of the three mutually perpen-
dicular X, Y and Z axes. If no failureis obtained during

the vibration test, Tank #1 shall be failed by burst test.

X Denotes tests to be performed.

Code 28312  Eng-276C QB 047 EDP Sheet No
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TABLE VI

QUALIFICATION TESTS

Sequence | 2 {3] 4 fs] 6 7] 8 o] 10 1y 12 J13 | 1
6
)
o
Test o ' o™ 20 @ Ea =+ ph
) o ™M o »l o |l AN o | o] x @
| At fsl e Ss | o = §2 12818+ & | Bs
= &,q'io_g'g“ E'Sc: - .33'5‘ g1 3 oyl
. Ay ™M [o! '& o'a ] 'S. a
(\f w':‘. [} QPQ_‘) Swrg 308 & 4]
o & & Bal |8 B2 L. B
N ] -ﬁ o G’Ed_i' H oo o - g o
—‘t ~ I = gHE—I 8(7? =
= g % & fal ERs S < 4 &
Tank
1 X X X X X X X X X X X X X X

Note: Failure condition will be selected by Grumman at a later date.

X « Denotes Teat To Be Performed
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TABLE VII
REQUIREMENTS FOR ACCEPTANCE TEST
TEST DESCRIPTION INTENSITY OR RATE CYCLES OR TIME REMARKS

Vibration

Random

LineaE Increase From
.02 g%/cps .OT g%/cpe

Constant .07 g2/cps

Linear Decrease From
.0T g2/cps to 05 g°/cpd

Pressure 270 psi

15 - 100 cps

100 - 550 cps

550 - 2000 cps

Random Vibration
shall be 2
minutes for each
of the mutually
Perpendicular
Axes for a total
time of 6 minutes.

Tank empty

Code 28512 Eng-270C QB 687
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DENOTATION:

LS

A - Longitudinal Weld

B - Transverse Weld

Typical

C - Parent Metal

=
1

Microscopic Specimen

FIGURE 1

WELDMENT TESTBAND COUPON WITH METALLURGICAL TEST SPECIMENS
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Spec. No. L8P-28-Lp

BAFFLE IDENTIFICATI ON, WIDTHS AND LOCATION Date: T-8-64

X Axis Page: 62

A

Tank. Shell

! III

e e —f v a3

12 3/4"

}

1

Support Frames

Ring Baffle I
Width = 2 3/8 inch

Ring Baffle II
Width = 3.0 inch

Ring Baffle III
Width = 3.0 inch

Ring Baffle IV
Width = 2 1/8 inch

Baffle-Tank Support Plane

~ | LAV-520-21
e 2 10 December 1963




BAFFLE LIMIT LOADING INTENSITY AND DISTRIBUTION

Locding Case 1. Ring Baffle 4

CLpey

X Axis

AY

[oading Case 2. Ring Baffle

0LpLor f

poeding Case 3. Support Frames

4,0" Head

ading Case 4. Support Frames .

\“:/*

Date:
Page:
!

(10" Head) Sin ¢

(4,5" Head) Sin @

T

— 2,4" Head

-

T-8-64
63

LAv-520-21
10 December 1963
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